In the past three decades since lotteries were introduced in Canada, they have grown into a multibillion-dollar industry. During fiscal year 2000, Canadian lottery sales reached $9.1 billion (Canadian dollars). Per capita sales was $291 in Canada. Quebec led the provinces with fiscal sales of $3.4 billion, followed by Ontario ($2.2 billion). On a per capita basis, the Canadian leader in lottery sales was the Lotto-Quebec lottery ($465) (North American Association of State and Provincial Lotteries [NASPL], 2000a) .
In Canada, lotteries are overseen by provincial governments and are marketed and distributed collaboratively by a cartel of provincial agencies. In the Maritimes, for example, lotteries are managed and conducted under the auspices of the Atlantic Canada Lottery Corporation that was established in 1976, comprising representation from each of the four Maritime Provinces. The Western Canada Lottery Corporation operates in a similar fashion by coordinating the efforts of Alberta, Manitoba, Saskatchewan, Northwest Territories, Nunavut, and Yukon Territory and was established in 1974. Ontario, Quebec, and British Columbia each operate their own lottery entities, Clotfelter and Cook (1989) and Mikesell (1989) studies, previous literature shows that people in lower income categories spend a greater percentage of their income on lottery tickets and thus on the tax inherent in the price of tickets. Livernois (1987) examined both the tax and the expenditure incidence of lottery profits in western Canada. He concluded that the lottery redistributes income from low-income to high-income groups.
Another area of lottery research addresses the question of who is more likely to participate in playing the lottery and to what extent. Province lottery agencies are very interested in this issue, as this information allows them to target these groups with lottery advertising and lottery retail outlets. The studies by Clotfelter and Cook (1989) , Mikesell (1989) , and Hansen (1995) provide a detailed examination of the socioeconomic and demographic characteristics of lottery players that significantly determine lottery ticket purchases in the United States. These studies indicate that minority groups are more likely to play than nonminority groups. They also find that lottery sales are inversely related to educational levels, suggesting that less educated individuals have higher lottery ticket expenditures relative to those more educated individuals. Place of residence is also found to be a significant determinant of lottery ticket expenditures. Also, individuals living in urban areas tend to have higher lottery expenditures relative to individuals living in rural areas. Kitchen and Powells (1991) examined the determinants of household lottery expenditures in the six regions of Canada using micro data. They concluded that some household characteristics such as wealth, age, occupation, mother tongue, and urban location vary in the extent to which they significantly affect the level of lottery expenditures across regions. Other household characteristics such as after-tax household income, gender, and education of the head have the same effect on lottery expenditures regardless of the region. They also concluded that in spite of the fact that the Canadian lottery expenditures are found to be regressive, they are less regressive in their impact than American lotteries. Kitchen and Powells (1991) used the Tobit estimation technique to obtain the parameter estimates. This technique accounts for the influence of the explanatory variables on the probability of whether to buy lottery tickets as well as their effect on the decision regarding the amount to purchase once the choice to buy has been made. Although the decisions of whether to purchase lottery tickets versus how much to spend by those choosing to purchase may be influenced by many of the same socioeconomic and demographic factors, there is no reason to believe that an explanatory factor common to both decisions must have the same sign and magnitude in both decisions. Scott and Garen (1994) , using a selection-bias-corrected ordinary least squares regression method investigated individual lottery ticket purchases in the state of Kentucky. They also estimated the lottery ticket demand function by a consistent two-step procedure and developed a Chow test to determine if the Tobit restrictions were appropriate. They concluded that the use of Tobit statistical procedure in analyzing lottery purchases lead to mis-specification of the model due to the situation of discontinuous consumer's indifference curves resulting perhaps from stigma and/or fixed cost of purchase. Stranahan and Borg (1998) analyzed Scott and Garen's model and showed that the truncated Tobit and probit is a better methodology for estimating lottery expenditures. Using data from telephone interview surveys in Florida, Virginia, and Colorado, their results showed that age, race, education, and other variables have very different effects on the probability of play versus the amount spent on lottery products.
This study improves on previous research in several ways. First, the Canadian expenditure data used in this study are recent. Second, these are the only expenditure data that allow an analysis of lottery expenditures. Third, this study uses a statistical method that offers advantages over the Tobit analysis used in previous research (Cragg, 1971) .
DATA AND METHOD
Data for this proposed study are derived from the 1996 Canadian Family Expenditure Survey. The Family Expenditures Surveys Section, Household Surveys Division, Statistics Canada released the data set to public use in May 1999. This survey of households was designed to yield a representative sample of persons in private households in 17 metropolitan areas of Canada. The data set excludes persons living on Indian reservations, patients in old age homes and hospitals, persons in penal institutions, and families of official representatives of foreign countries. Our sample from this set of data consisted of 10,079 households. All expenditure and income quantities are annualized (Statistics Canada, 1996, p. 6 ).
Analysis of lottery expenditures presents a challenge. Not everyone would choose to participate in a lottery. A large number of zero expenditures makes ordinary least squares analysis inappropriate (Greene, 1993) . Although Tobit analysis can account for a large number of zeros, it presumes the sign and significance of the factors affecting the decision to participate and the decision of how much to participate are the same. This presumption is not likely to be correct for lottery expenditures. So-called double hurdle models are now established in the literature as being superior to Tobit modeling in dealing with the problem of a large number of zero expenditures (Cragg, 1971) . Unlike the Tobit model, the double hurdle model explicitly recognizes that the factors associated with the decision to participate may have a different influence on the level of participation among those who choose to participate. In consumption studies, double hurdle models can be used to separate the decision to consume (participate) from the level of consumption (expenditures) and, therefore, provide more meaningful insights into consumers' behavior than does the Tobit model (Cragg, 1971) . Moreover, although many of the same factors (such as income and demographics) may influence both participation and expenditure, they may have different effects on participation.
The double hurdle model specifies a participation equation, Xα + µ, and an expenditure (consumption) equation, Yβ + ε, such that expenditures, E, are modeled as, E = Yβ + ε, if Xα + µ > 0 and Yβ + ε > 0; = 0 otherwise, where X and Y are vectors of explanatory variables, α and β are vectors of parameters, and µ and ε are the error terms. As measured in the Canadian Family Expenditures Survey, "participation" in lottery play is a "yes-no" proposition; the dependent variable of the participation equation is a one-zero indicator. Following standard practice supported by the literature, we estimate this equation using probit methods rather than by logit or dependent variable techniques. As expenditures on lottery are continuous above zero, the consumption equation is estimated using truncated regression analysis (Cragg, 1971; Greene, 1993) . LIMDEP version 7 (Greene, 1995) was used to estimate the equations in this study.
RESULTS AND DISCUSSION
Variable descriptions are given in Table 1. Table 2 lists the independent variables used to specify the participation and expenditure equations. For each variable, we show the sample average computed over the full sample and over the subset of lottery players in each of the six regions of Canada. Units of measurement are also given in the table. Our choice of explanatory variables was predicated on demand theory and was consistent with many previous studies related to this topic (e.g., Kitchen & Powells, 1991; Stranahan & Borg, 1998) .
The age, education, country of birth, and occupation indicators in this sample of households refer to attributes of the household reference person, the household member primarily responsible for the financial maintenance of the household. All other variables listed, such as after-tax income, wealth, residence, type of household, and presence of children younger than 15 years of age, are measured for the entire household. For the categorical variables of education, occupation, and type of household, the following were used as reference groups: reference person has less than high school education; reference person is not working or retired; and married couple households with unmarried children only, married couple households with relatives only and/or with at least one nonrelative. On a per household basis, residents of Alberta, Manitoba/Saskatchewan, and Ontario are the most prolific gamblers in terms of Canadian dollars wagered annually ($300.07, $270.97, $260.56 for the whole sample, and $362.82, $332.47, and $332.78 for lottery players in the respective regions). Table 3 shows the percentage of households that purchased lottery tickets as well as the average expenditures of these households as a percentage of after-tax income. The column "% of Households Buying Lottery" in Table 3 shows that participation rates ranged from a high of 86.1% of all households in Quebec to a low of 78.3% in Ontario. It is interesting to note that these rates are higher than those reported by Kitchen and Powells (1991) for the same regions a decade earlier. The second column, "Lottery Expenditures as a % of Household Income," reports total lottery expenditures as a percentage of after-tax household income for all households engaging in lottery expenditures. The percentage ranged from 0.67 for households residing in British Columbia to 0.86 for households residing in Manitoba/Saskatchewan.
The estimates of the effects of the independent variables on the participation (purchasing or not purchasing lottery tickets) and expenditurelevel decisions of the participants on a region-by-region basis are shown in Table 4 . The results indicate that the probability of participation in the lottery is positively related to household after-tax income in all regions, with the exception of Quebec and Alberta. Household wealth and place of residence (urban vs. rural) have no discernible effect on whether a household purchases lottery tickets. Participation in the lottery decreases with age in Alberta; however, age does not significantly affect lottery participation in all remaining regions. College graduates are less likely to be lottery players in the regions of Quebec, British Columbia, and Ontario. Born Canadians are more likely to participate in lottery purchases than immigrants in the regions of British Columbia and Manitoba/Saskatchewan. The type of occupation has a varying effect on the probability of being a lottery player. Single persons are less likely to participate in lottery purchases in all regions, with the exception of Alberta and Manitoba/Saskatchewan. Also, lone-parent households are less likely to be lottery players in the regions of Quebec and Ontario. Having children younger than the age of 15 reduces the probability of the household to participate in lottery purchase in the Atlantic region as well as Quebec and Ontario. Table 4 also presents the estimates of the effects of the independent variables on how much households actually spend on lottery. After-tax household income is positively related to influence on the level of expenditures on lottery purchases across all regions, with the exception of Quebec. These results are consistent with the results of the study by Kitchen and Powells (1991) , in which income level was found significantly to influence lottery expenditures in all regions.
The relationship between wealth and household lottery expenditures is positively statistically significant for households residing in Quebec; however, the relationship is negatively related in Manitoba/Saskatchewan. Kitchen and Powells (1991) found that wealth was negatively related to the amount spent on lottery purchases in four of the regions, with the exception of Quebec and Alberta.
The age of the reference person is positively related to lottery expenditures and statistically significant in British Columbia, Ontario, and Alberta, and insignificant elsewhere. Whereas households in urban areas in British Columbia spend significantly less on lottery purchases, households in urban Manitoba/Saskatchewan spend significantly less than their rural counterparts on lottery purchases.
The results broadly indicate that education has a negative effect on lottery expenditures. More specifically, households in which the reference person had some college education spent significantly less on lottery tickets than households in which the head had less than high school education in all regions, with the exceptions of British Columbia and Alberta. In all regions with the exception of Alberta, reference persons with college degrees also spent significantly less than those with less than high school education. These results are broadly consistent with previous studies (Clotfelter & Cook, 1987 , 1989 Kitchen & Powells, 1991; Livernois, 1987; Scott & Garen, 1994; Stranahan & Borg, 1998) . Born Canadians spent significantly more on lottery tickets than immigrants in the regions of British Columbia, Ontario, and Manitoba/ Saskatchewan. The type of occupation held by the reference person was limited in affecting the level of expenditures on lottery in all regions. Only in Ontario, the group for which the occupation of the reference person was designated as farming, fishing, mining, and so forth, spent significantly more than the retired and unemployed group.
Lone-person households spent significantly less on lottery purchases than married-couple households with unmarried children in the Atlantic region of Canada, Ontario, and Manitoba/Saskatchewan. Also in Ontario, married-couple households only spent significantly less than married-couple households with unmarried children. The presence of children younger than the age of 15 in the household has a negative effect on the amount of money spent on lottery tickets in the Atlantic region of Canada as well as in Ontario and Manitoba/ Saskatchewan.
The question of who bears the burden of state lotteries, or in the language of economists, the question of the incidence of lottery finance, has been the most frequently researched issue related to the lottery. Some researchers argue that the revenue the state keeps from lottery sales is a tax. Others argue to the contrary, that because there is no coercion involved and that people voluntarily participate in the lottery, it should not be considered as a tax (Livernois, 1986; Stranahan & Borg, 1998; Zorn, 1988) .
The regressivity of the lottery can be examined by estimating the income elasticity of lottery expenditures at the mean. For example, a 10% increase in after-tax income for a household residing in the Atlantic region of Canada with the sample's mean income of $37,620 increases yearly lottery expenditures from $309.42 to $318.67, which is an increase of only 2.99%. This means that the income elasticity of lottery expenditures at the mean is only 0.299, and an income elasticity of less than 1 denotes a regressive pattern of expenditures, which leads to a regressive tax.
The application of the same above procedure yields an income elasticity of lottery expenditures at the mean of 0.250 (Quebec), 0.427 (British Columbia), 0.391 (Ontario), 0.751 (Alberta), and 0.318 (Manitoba/Saskatchewan). As can be noted, the income elasticity of lottery expenditures across all regions is less than 1, denoting a regressive pattern of expenditures, which implies a regressive tax.
CONCLUSION
Provinces currently retain 80 to 85% of gambling revenue in Canada, whereas charities share 15 to 20% of this revenue (Canadian West Foundation, 2000) . Given the tremendous growth in the lottery system in Canada since its legalization in the early 1970s, the Canadian provinces are relying more heavily on its generated funds. Results of this study indicate that the factors associated with the decision to participate in the lottery do not necessarily have the same influence on the level of expenditure on lottery for those who choose to participate. Consequently, this study provides valuable information to lottery administrators in the different provinces of Canada for designing programs to either recruit new lottery players or to increase spending for those who already participate in the purchasing of lottery tickets.
Whereas some household characteristics (wealth and place of residence) do not affect the probability of a particular household to participate in lottery playing in every province, others vary in the extent to which they significantly affect such a probability. Similarly, the profile of those players who spend more on lottery playing can be drawn from the results. In general, lottery expenditures increase as household after-tax incomes increase, and lottery expenditures decline as the education level of the reference person increases. Other household characteristics affect the level of spending on the lottery variably among the provinces. For those variables exhibiting regional variations, their effect should be considered before designing regional plans.
The results also indicate that the percentage of after-tax income spent on lottery declines as income increases in every region. Therefore, from the standpoint of public policy makers, we conclude that the lottery tax in Canada is regressive.
